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[Detailed Description of the Invention] 

diode for rectification, a photodiode, a light emitting diode, or a switch. 
JJnJoaehed by the need tor development of a still more effective organic rectifying device. 

layer which Consist* of atleest one metal system ingredient chosen from the group which consuls of a metal, an alloy, a mecai oxme, 
Kn^ 

SCo radical. They are the acylamlno radical, an alkyl acylamlno radical, a pyrrolldinyl radical, a ^^^ ™J^f ■ 
mSKradS^ Atypical mJng They are a methyl group, an ethyl group, a propy ^up, »topgW £*f 180 
SSbSrl I «3S! tSutyl, a eyclohcxyl radical, a methy tamlno radical an acetylrnn.no radical, the amlkyl radical shown In the 

wS?Whh ICWaralkvl or nuclear substitution aralkyD radical In phenazlne, benzyl a phenyletbyl radical end p-alkyl benzyl 
^mole^m^iX benzylpralkoxy benzyl (for example, p-methoxybenzyl radical) PHm>in^ benzyl 

S(J?SCp.fl«o« fme^lbenzyl radical ponton, benzyl p-BUROfaO benzyl ^^^^J^^Sm^S 
sXe^benSl radical), m-dialkoxy benzyl (tor v**^*™* S^^xy ™^^J^ J^^JS 

amino) benzyl m-screw (trifluoromethyl) benzyl. m-dlnhTO benzyl. m-difJuorobenzyl ™°*^^^*?2^ l fZ , 
SicWcro beT>ZYl -) There are 3. -Ulchloro benzyl nwUchloro benzyl (for example^ 4-dichtoro benzyl 3 
miibromo^zyUn-diiodo benzyl etc. In addition, the carbon atomic number of the alkyl TO **• ^J*****™^ 
u/irh i nfnhenazinc is 1-4 cieces. and, as for them, it is needless to say ihai you may branch also with the straight 1 . 
• l^faffi^^ne £ Sabovt^enUoned compound, it may be Independent or two ormora sc^ mkture » e bflgent 

ask ThTcp^owteSSS powder, silica powder, silicone rubber powder etc.) as ft* ^'^^°^^,^VL 2^d 
Soofwd SffinSiSal may be added a little for long-tern, stabilization when such Pbcna2toesaie us^as ti» m, end 

matter (a coloring agent, charge of fluorescence) may be carried out as check material of membn i bus 

' SSS^mong macromolecule conductor ingredients, as an organic synthesis S^^S'^aSTiollv o^SH 
Pollv 3 4-dimethvl ovnole. The poly thiophene, Polly 3-meraylihIopbene. Polly 3. 4-dnnethyhhiophene, Polly P~"*NIN, 
^^^rS^^^^tify m-phenylenV Pofiy ^henylene Odde. ^'^^^^^^i g*& 
fpo^nyl cartazolCme pXdiacetylene, Conductive rubber and the WU i which ^ «^ P^^Sb^usedL^ l>V 
. poly picouae, etc, aadtnesccan use doping ehher a non^oped object or an object, ^ k ^^*^^^^£?a c 
[0009] As an organic pyrolysls system Ingredient, conductive rubber and Ae resin wh,ch fcere are syndetic graphte,ac 
carbon fiber, o^ysis pelyimide, pyrolysls polyoxadlazole, pyrolysis polyolefine, a pyrolysls polyamide, »py~»vsiipO 
ZSSSfiBZR cntonVp^y?^ po.yvinyl alcohol, a pyrolysls epuxy resin, pyre ^^£s£lAlSSS^lld^ 
P^WreneTpyrolysis polyisocyanurate. a pyrolysis polypeptide, etc. andlhese can use doping either e non-doped object or ffl oojeci. 
and contain ihese can also be used among macromolecule conductor ingredients. 
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2Mpi3 

nKS».i~;^^^fc^^^^ 

Sum liny, » Magnesium nltay. ■ >»*r, •» "»*r SSMSSSii 252 ^tooddHVtao wife oxidtaft. f 

SSSteif SM-MOOA md il iw Depone about 200-2000A. In addition, inlckiK" Aonld w«n t. b~om. tomoBmBty ■» «* 

M ——a. A f The demos is adoDted as an approach of making the phenazlne film of this invention forming. , 
n?me ™^^ofpJta^^i^wSSthod or the epuW">«hod (2) solution (be am method being 
«d^S^ *e WProEKSLine film which leys what was film-ixed beforehand (an inflatable flexible bag i^^=. *C£ **Br 
S nffi^eSoSc P Sclnil method) may partcmi* in the form planned according to the object; and may cany out etch p.z 
cTeSnwand it it not only formed all over a laminating side, but may panernize a garbage selectively. 
[00151 A ftVdemental example of the structure of the organic reedfyins device by th,s mventaonte ex plained 
^o^i™ drying device U constituted by a substrate I. the electrode 2 formed on the substrate I, die B^molexuje co 
S^r?E^c?the electrode 2, the phenaiine film a formed on the giant-molecule conductor layer 3, and me electrode 5 

So u?e!ectrodc 2 prepared on a substrate I, his desirable m laboratory to mate It ^ 

£* whote S£ ofT^utetr^irbstantislly. A transparent electrode can be formed on the sttbstates l.^«a gass pto 
toWrenee plastics sheet or a film, by vapor^epositing gold, silver, aluminum, an indium, tedium ^^^SS^SlSl 
Sdde^membrana). Moreover, an elecSode 5 can be formed by vapor^positlng gold, silver, copper, aluminum, or nick* . 
addition, when using especially as a monolayer mold, the macromolceulc conductor layer 3 can ^ omitted. I 
[00 l7TAtthough h changes with classes of electrode 2 formed on a substrate 1. when using alummum as one g 
E^r^Scncc of an organic rectifying device, it la desirable to make the phenartoe film of*- tovctmon 
JeSe^ywproechcs, auches a vacuum deposition method, the applying method, the cast method, and a ap»n coat method, 
"c2r7oulSSSSn?of "me macromolecukTconductor layer on it first And what is necessary is Just to cany out vacuum d< 
of the counter electrodes, such as a golden electrode, on H further if needed mp.TA , w, method 

[0018] in using the substrata which, on the other hand, has the transparent electrode formed by ^\^ATAJLtog^sme*Od 
example a golden electrode, after carrying out the lamlnatin B of the macromolecule conductor layer by an •to*4y*«M* 
oolZerteeJon method etTon a golden electrode and carrying Out undoplng processing to an electncJmachin^ cW 
b coSS^tTcerry out the laminating of the phenazine film with vacuum deposition etc Furthermore, whet » neees* 
to carry out vacuum deposition of the electrodes, such as aluminum, If needed. 

[function] to the organic rectifying device of this invention, effective rectification is ^^^J^^J^^^ 
a alant-molecule conductor layer and the phenazlne film. Funhcrmore, since rectification was performed also mi me uiteract 
^Srrr>Sl^em Ingredient layer, the component which has the rectification excellent conventionally farthei 

well-known organic rectifying davlce could be built. Unmimiftit 

[0020] By eleSl-potentiaWifference impression of hard flow. altlu^ Import ^oftho chnrgewhich 
charge and both layen by eleetrical-potential^fference Impression of the toward direction according to the ^»^« 
wWch me bBTTicr ofTshot key mold or a heterojuncdon mold was formed, and was sponranoously formed intho mtcrfeeeofe 
moteeute coSStor Kiddie phenazlne film arises In the organic rectifying device of this Invention. .to order * ^ppoaew 
poS? SSlent a Current does not flow but functions asdiode Moreover, by epical f^^^^^Zl a£T 
hrterfece and transport of a charge arises In accordance with en electric potential gradient Therefore, by eovertoj \m toad land 
connecting too hastily externally between the two electrodes of an organic rectifying device, a jAotocunent u »* « 
!i" !T„ LIZS, v» M « m«k* h function also as llcht emhtuiz diode using emitting light, m case the charge flmhennor 



on 



connecting too hastily externally between the two electrodes or an organic leemymg 

Sec !» a photodlode. You can make h function also as light emitting diode using emitting Jight, mease the char* > fimhennoti . 
in by clcctricnl-powntial-difference impression of me forward direction recomblnc* with the reverse charge In OulK- 

[Example] About the organic rectifying device of this invention, although experimented In a large number, the example of 
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.potation extract from the Inside of H explain, the ^^^^^^^^X^ £»£ I 

SEk example , ^M^P^ 

atiuoiure waa raanufrenircd. *^ ,uu ««n<4wieh»* continuoiuN under dark, and the currcm-voU K 1* 

L»ed as forward. At this time, change of the photocurrcm at the tome of ^! ^^^^^iT^^t^^ml I 
rwwIL A \s the ciBDh of the action spectrum In which die relation of a light wave Icngth-photoeweot is «we» rrum . 

^T^^r^-Uc^ 'SE^HiUS ^f^Jl^S^^ side i not 

^ S .valu„^a^ 

-ml^un^^^ 

«reen effect by MMDP Is shown, and it turns out that a mam. «.vi* ^^^^gy^^^Sod^aK I nun, 
and MMDP. In addition, since die monolayer mo d component which ^^^f^^Xt^^ Jd^^^ ^^cs 1 1 
carries out rectification and a photo-elcctric-iranslation operatoon in a btleyer mold component and ttua airecwon, me u. 

t^T^o T^S1\\ n^v^ftno Heazvl V5 lO^ihvo^phenazine The same sandwiches ecl was manufactured using (it being he n ifcr 

« .Ifl ^^o^^T^iTTnt « vohnee to AcMsandwiches eels continuously under dark, a current change similar to 
impressed «Edu^«Wl l j ™™« 9 ^e^eodficatton^w. A ractification ratio I* the component Which used 

JS S^AnD' in the component uslngTi ("2v) and V CDP. 

£2p^ iSSS Jf the PM.T layer. The name and rectification ratio C W nf *cl tayer ^^Z^£^^SSn^ 
nrfvovrrole rectification ratio 16000), Polly 3, 4-dimethyl pyrrole (rectification ratio 18000). Port p-phenylene (reedfleatoon n 
ftnffiWSE iSnahe^fl^uion ratio 1200). polyaceihylene (rectification ratio 1000). polish anoa cetyleoe (reedfica 
SVpo^K^ 

(rectmcarlonmrio 5000X and graphhe (rectificarion ratio 6000). Moreover when a «5^n» SS^^SSSSSSL 
Jesuit of an indium (rectification ratio 12000). aluminum magnesium (recreation ratio I3000X arino ^^gP^??? 0 .' 
oxide (ractificadon ratio 4000). antimony-pentachloride doping tin oxide (rectification ratio 14000), and conductive copper sul 
rectification ratio 10000) was obtained. 

ffiflS of the Invention) Since the organic rectifying device of this invention rectified efflclen ^^« to S^°^^J*^A 
examole the interface barrier of a giant-molecule conductor ingredient layer and the phenazine film. Ihe pheMZine fflnu and at 
S ?Sm & ^eSa y ^Tbe^cpo 33 ible [ making the component which gives die '^^^S^^SS^ 
organic realty ins device J. Moreover, since the electron andelectron ^^ t ^SJ^ST-»7l 
performed using this barrier, consequently were separated are mutually conveyed to an opposite direction, it funcbonsaUou. 
whXSrtnZducer. Furmermore. while the charge poured in by electrical-poteinial^fference .mpresBic* movaa » accordWce 
ffSecu^potential gradient of a barrier In the Inside of bulk. It functions also « electro ummcecence dev.** «"e"°W**V 
w!S a reverse charge and emitting light. Therefore, it is sure that the predominance of the application in the industrial world of lis 
Invention is a greatest object. 
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TECHNICAL FiELP _ 
diode for rectification, a photodlodc. a light emitting diode, or a switch. 
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PRIOR ART 



rocscr lotion of the Prior Art] The Schonky barrier mold component which combined p-mold organic semiconductor and the sin 1 
SS^BSSSTm wSffioo as an organic rectifying device la known, and dumln^ /mctd free phtr^ooyanu^/ ccm^ 
ASanda^umlnum / Polly 3^cthy!lhiophelIe / combination of Au is studied. Although this Invention persons developed the cisty 
wSy^mold op^leSlc^tnmsow and clarified the result as JP,59-2S388,A and J W1269.A were already shown, they were 
approached by the need for development of a still more effective organic rectifying device. 
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EFFECT OF THE INVENTION 



[Effect of tho Invention] Since the organic rectifying device of ibis mventfoo 

^l? the lnt.rf.ee barrier of a gianwnolecule conductor togr^cni layer and die ^^^^^^^^^ 
il^wiant lover it became possible [ making the component whit* gives the rectification ratio oxceuent wsnvcnuonniv 
£*^wXl^ Morlover. sinSdte electron and electron hole which phctocharge separation wa 

invention Is a greatest object 
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TECHNICAL PROBLEM 1- 




[PlDblcmb) » bo Solved by the Invention] Although this torodoo tTZC2S2?£5 iS£S^f uK ' 
IMHodtfbr the organic compound which reinforces reeducation effidentJy certainly paying Mtonbon to ™1P°™ Z^Lz, ^ 
SSW»t examination about the ctructure, and, and rta property, " ad 
invention**! researtihls developed and should •* cany out it at last thii time also about application. 
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MEANS _____ . . , 

'[M-n* for Solving the Problem] this ^ pe^-h - * Jjg SSSS^SS^V ' 

component which has the component icr wfatch , d» lam ?«»8^ e ( 5^ A ^ a ^ fl ^ to stunt), a macromoteeule cond * hot 
subffion araIkyl)-S, the to^thydrophroazine flhn ^^^^Z^^^^c^aaaot ingredient layer said hete Is i tayw 

which consists or at least one nwHwwwuiw i~^LL*„a a Mriwm svstem ineredient and a metal system ingredient layer u a, 

following. k=^,^,-«n orallcvn radical In phenaztoe, benzyl a pbcnylctfayl radical end p-alkyl benzyl ( 

[OOOd] Whh KHara&yl w ^^^^^k^^S^^^>^^s^\ radical), p-emlnobensyl ■ 
example, p-medtylb^lradical -) p^thyl ^^Sr^S^So benzy? (H^mo benzyl, pHlitrobcnzyl n 
. (N-oennutatlon amino) benzyl (for ^f lc ; SmoMOb^l. p-S bewyl, m-dialkyl benzyl (for cw 

lean whh 10- crfphcrKuunc P^^^^l^S^m^^Tn^^^Sd^ or two or more sorts of mixture IT} 

PWOT) as long as this phenazine » ibe «bovc-«^donad f 0 ^^*^^^? SrSaTntttBtldaK of an amount. UV «L 

ash- The spacer powder folasflcspowder, «hca IQ"*** S^^£wSffld. phenaztaes are used as the% and 

5ot«A^ 

Pony 3.4-dimcthyl pyrrol^ The poly 

pontine, etc, and theE can use dopbogcitber a non^o^obj«^ " ^^^.JSSc^SK condu a U 
r^h/^oohMnvl cbMde, wrorysls polyvinyl alcohol a pyrolysls cpoxy resin, t^^ft*^ 1 re8 ^£rS^S2a£T 

object or an obP, and contain these can also be used among »°^^'^ U l S^S n iclcel -) Aluminum, an ! 
[001 1] as a metal system ingredient -a metal (for example, gold, sUver, jhm. ed^Hirconlui 
1 ' i - i„; ' eiH«™, tirantum. allovs ffor example, a palladium alloy and an aluminum alloy -h cucn as » f*"^*"*" 



[001 1] as a metal system ingredient - a metal (for example, goto, ^'^^^T^TZ^Zi nich as a zirconium 



>bject, 
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da tat object, a Umm^ngmayb* «^^^^^^^^^SSkv^cnt layer, or the thick*** of a au U 
atetaadonwtattetliiekn^^ ; 
system ingredient layer. Hovrevw. Aout the P~»^ " ^muLnmSa multistory [ of the phenazinc fil 1 1] is 

■nwrefbw, although sum total thickness wHl increase "ccwdmgta .the "^^JH^^^iaworich phenazine film * bito 
~rri»i ouL h U desirable to take care SO that thickness of each film mny be made mm ior me uaeK f^^^^JZZ^,^iru " 
^^oVzwSo^Tand it may become about 200-2000A. In addition, thickneea should warn to become homogeneity to flu j 

J5ft1?is_ u ^* ^««6c U adorned as »n approach of making the pheoaHne film of this invention fanning. i I : 

[00\A] One approacfc ^**?^^^^!^ nredwTor the spuming method (?) solution (the cert method being * ft 

SSSand It is not c^mcd >li ov« ^nWjdj ^J^by S?3v^.SW As Show in J Ll . 
[00151 A fundamental example of ftej wucwre ^"IffTlT^tSL S Wed on the substrate Mtogtot-inoleculo COQdU ; prf 

S^S^S aSSTJI fitafS^SS^SSS^d, .»«., .to-bum. a. l^.lndl»m* l ^<ITOffli»W<>>i?» 

'^addition, when uslna especially as a monolayer mold, the macromoleculo conductor layer 3 can be omitted. 

rO0 l^hlhouTh i^E wfth classes ©fdecirode 2 formed on a substrate 1, when^mg alumtoum « one J 
fBb^cldon^uBnce of anorganic rectifying device. It Is desirable to make the phenatdne film ofthk invenbon on an^umtaur J| 
^-ST Ir^r^B^^hZ a vacuum deposition method, die applying method, the cast method, and a spin coat method, 1 1 ft to 

SlaTgK etecaSe. aftercarrying out the laminating of the macromolecule conductor layer by an elec^lydc raidajlo 
^ZS^^SeaToo a golden electrode and earning out™ doping proceaamg to ^^J^^^SSSS Krt 
C conventonton it to carry out the laminating of the pheuazine film with vacuum deposition ate. Furthermore, what is neeeecar r is .just 
m carry out vacuum deposition of the electrodes, such as aluminum, if needed. 
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OPERATION 

[Funcdonj m d» on^ic reeding *£"25H5*^^ 

JK and b**lS*^^ Impression of the forward direction according to the ^icpotential fi 

l&*££tti»** moUora^junctlon mold was formed and wmi |P*^«^~U L^toSifalL 
molecule conductor layer end the phenaana film arises in the organic rectifying device of this Invention, in order to J**^*° t. 
mtSdal Scnta cirent does not flow but function* » diode. Moreover, by optical exposure separation of a charge arises " > 
SSS SSS&i££tZ£i. arises in accordance with an electric potential gradient -^^^T^^^ ft ' 
Jmnecttaa toolSy externally between die two electrodes of an organic rectifying ^device, aphrfoeiirrent U ecqulied and ttft 
^S^<^ Y™mato it function also as light emitting diode using emitting light, m ease the charge ^furthermore ] 
in by elecuical-potential-oiffereoce Impression Of me forward dhection rccombines with the reveree charge in bulk. 
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EXAMPLE 



Jon 



[Example] About the organic rectifying device of this invention, although exjxrimcnted m a largo number, the example of 
representation extracted from the inside of it explains me manu&cture approach and its ^J^»^ to edition, tfuei 
of it not being what liroita only to the following examples and Is tnterpreted Is natural, and its thing Which do no* deviate fomjf 
meaning and pneuma of thia invention end for which it restricts, and an embodiment can be changed and carried out to artlT" 

poS'an example 1 - first, the golden electrode was vapor-depc*hed i by the spatter on the glass subsmd^and Polly 3- 
methylthiophene (it Is hereafter caUed PMeT for short) was produced by the electrolytic oxidation poryineriz^on on it. Sube£ Mentiy, 
after carrying out undoplng processing of this PMeT film at an electrical machinery chemistry target, the laminating of 5-met r [HHHP* 
methylbeiwy l>5 and the 1 0-dlhydrophenazine film (tt calls for short Following MMDP) was earned out with the vacuum dap t> ftoon 
method, the last - a it top - aluminum - vacuum deposition - carrying out - Au/PMeT/MMDP/ahnnmum - the sendwiohej < iel of 

structure was manofaetured. . ! 

[00231 it Impressed changing direct-current applied voltage to mil sandwiches eel contmuousry under dark, and ti» currents > cage 
curve was investigated. Brewing 2 end drawjrig 3 are graphs which show the current change at ^^^t^^^M-m 1 gft 
applied voltage continuously. Consequently, It was checked that the stable rectification from whteh the time of impressing a 1 5 faard 
eulctri^po^tlaimtreren . 
value when impressing the electrical potential difference of +4V to a golden electrode impresses the electrical potential differ « ice of 
+14.0rnA and was the rectification ratio 120000 in -0.1 17mlcroA (refer to dating 2 ). Moreover, in the applied voltage o ■ **2V, 
it was the rectification ratio 18000 in the current value of + 1.05mA and -0.05&microA. respectively ( refer to drawjM 3 )• 
[00241 Next, when light was irradiated at mis component, the golden electrode side produced pbotoelecnomotivo force in the < srection 
used as forward. At this time, change of the photocurrent at the time of changing the wavelength of light to irradiate wasmea p ir^d, 
DfflwJng 4 Is the graph of the action spectrum in which the relation of a light wave lengrh-fsbotocurrent is shown. From mis f**~ 
when an optical exposure b carried out from a golden electrode side, since [ of the absorption maximum of Hand PMeT]? 
photocurrent value serves as the minimum by the way, the screen effect by PMeT is shown, and it turns out that an activity 1 
the interface of a golden electrode and a PMeT layer but the back of a PMeT layer. Moreover, since a photocurrent value se 
maximum (O) and near the skirt of absorption of MMDP when an optical exposure is carried out from an aluminum clcctrotit I 
screen effect by MMDP is shown, and it turns out dial amain activity side is the hack of a MMDP bryer. Lc die intcrfecc of ? 
and MMDP. In addition, since the monolayer mold component which sandwiched only MMDP With a golden electrode and a I 
carries out rectification and a photo-dwmic^ranslation operation In a bilayer mold component and this direction, die interfile > 
aluminum and MMDP is also known by functioning as an activity side. L 
[0025] In example 2 example 1 instead of MMDP 5-memyi-i0^^emoxyberayi)-S t 10-dihydrophenazine £-«f%JH£anaft reaUed 
MMODP for short)! 0-(P-cyano benzyl>3. lOKiihydropheiiaaine The same sandwiches eel was manufactured using(rtbemg 1 reafter 
• called MCDP for short) or 3-rnemyM0<m^ilntao benzyD-3, and 10-dOrydre^eiiarlne (h is hereafter called MDNDP for ah n t). When 
impressed changing direct-current applied voltage to these sandwiches eels continuously under dark, a current change snnflej 1 p , 
drawing 2 was shown, and it was checked mat the same rectification occurs. A rectification ratio Is the component which use 3 
MMODP, and is 1200 (»*4v) with 10000 (**4v) and the component using MDNDP in the component using 12000 (**2v) ax d MCDP. 

and it turned out that h has the rectification which waa excellent in alL I 

[0026] In example 3 example 1. rectification remarkable also in *♦** which used other macromoleeule conductor tagredient h jyers was 
accepted instead of the PMeT layer. The name and rectification ratio (**2V) of me layer ingredient were as follows, Thatis, a ey are 
poly pyrrole (rectification ratio 16000), Polly X 4-dimethyl pyrrole fa ci U f ice tion ratio 18000), Pori p-phenylene ^rectification 1 stio 
15000), me poly thiophene (rectification ratio 1200), polyacethylene (rectification ratio 1000), polish anoa cctykno (rectinoet m, ratio 
2000), a polyvinyl carbezole (rectification ratio 1 000), pyrolyste polylmlde (rectification ratio 8000X a pyrofysis potyaaylon i ite 
(rectification ratio 5000), and grephhe (rectification ratio 6000). Moreover, when a metal system Ingredient was used slmllarfo , the 
result of an indium (rectification ratio 12000), aluminum magnesium (rectification ratio 15000), a zinc chloride doping alumh inn 
oxide (rectification ratio 4000), antimony-pentaehloride doping tin oxide (rectification ratio 14000), and conductive copper sppde 
(rectification ratio 10000) was obtained 
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DESCRIPTION OP DRAWINGS 



[Brief Description of the Drawings] 

[Drawing I ] it is the sectional view showing one example of the organic rectifying device of this Invention. 
. tQiawfog 2] It is the graph which shows the current-vottage characteristic of the organic rectifying device of this invention, 
[prawlng 31 It is the graph which shows the current-voltage characteristic of the organic rectifying device of this bventton. 
{ nraw jag 41 It is the graph which shows the absorption spectrum of die photocurrent action spectrum of the organic reotttyi 
of this invention, PMeT, and MMDP. 
(Description of Notations] 

1 Substrate 

2 Electrode 

3 Mecroxnolccule Conductor Layer 

4 Phcnazanc Pibn 

5 electrode 
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